The purpose of this study was to examine the effects of "Momentum" and "Climate" in P.E. class on students' formative evaluation. Data was collected through observation of 60 P.E. classes at elementary school. Momentum of P.E. class was evaluated by the observation instrument of "Learning Engagement in the Motor Learning Scenes", while climate of P.E. class was evaluated by the observation instrument of "Students' Human Relationship and Affective Behaviors" developed by Hirano et al (1997). The learning outcomes were assessed by "Questionnaire for Students' Formative Evaluation" standardized by Takahashi et al (1994). Main fi ndings were as follows, 1) The multiple regression analysis revealed 6 factors that connected with "Momentum" and "Climate" had big effects on P.E. classes. Especially, off-task behaviors as a component of "Momentum" and negative behaviors of human relationship as a component of "Climate" had signifi cantly negative effects on students' formative evaluation. Only positive behaviors of human relationship showed a signifi cantly positive effect on it. 2) Even in analyzing the gymnastics classes and the ball-game classes separately, the above general tendency was found similarly. However, only in the ball-game classes negative behaviors of human relationship and negative behaviors of affection showed signifi cantly negative effects on students' evaluation, 3) It was suggested that the teaching strategies for reducing off-task behaviors and negative behaviors of human relationship and those for increasing positive behaviors of human relationship were important to realize the effective teaching in P.E. highly evaluated by students. Keywords: human relationship behavior, affective behavior, learning result, effective teaching in P.E.
Introduction
Domestic and foreign researchers have studied teaching of physical education by applying systematic observation methods. Based on the results of these research projects and their experiences through class observations, Takahashi (1994, pp 10-24) postulated the following 2 points as fundamental to the realization of a physical education class evaluated highly by students, claiming that they were particularly important for effective physical education classes: 1) "momentum" of PE class created by ensuring the time for learning engagement and/or by establishing disciplines on learning, and 2) "climate" of PE class that was encouraged by positive interactions between the teacher and members of a learning group and by learners' emotional release. In a physical education class evaluated by students as effective, less time was spent on management and more time for motor learning, which ensured a higher proportion of learning engagement in the class. Under those circumstances, we could sense the "momentum" of the class in which they were participating. As the teacher was passionately interacted with students, and students had mutually positive relations, we could feel the warm "climate" expressed through frequent spontaneous applause, cheers and laugher. Based on the recommendations made by Takahashi, different research studies demonstrate effects of "momentum" and "climate" http://www.soc.nii.ac.jp/jspe3/index.htm of PE class.
Regarding "momentum" of PE class, the ALT-PE (Academic learning time-physical education) observation method has been used for research until the present. However, the relation between ALT-PE and the outcome of learning was not necessarily clear, or the results were unstable [Rink et al., (1986) ; Silverman et al., (1991) ]. Noting this, Takahashi et al (1989a) also examined the relation between ALT-PE and students' formative evaluation and found a signifi cant correlation. But the correlation was not always seen to be high.
Therefore, we (Fukugasako et al., 2003) have studied 60 PE classes of senior students at elementary school to analyze the relation between the learning engagement proportion in the motor learning scene by using the GTS method (Siedentop, 1988, pp.278-279) and at the same time "Observation method for learning engagement" and students' formative evaluation. As a result, in both the gymnastic and ball-game classes, the study found that a correlation between the learning engagement proportion in the motor learning scenes and the students' formative evaluation had positive signifi cance. However, the correlation in the case of non-engagement was negative signifi cance. Also, the values gained in that research was higher than in previous studies. As a result, we conclude that the "momentum" of PE class represented in the proportion of the learning engagement and non-engagement is an important attribution to realize an effective physical education evaluated by students.
Yet many studies on "climate" of PE class have focused on "climate" created by teacher's behavior. Based on the results of these studies, Siedentop (1988) demonstrated that the interactions by the teacher in the motor learning scenes particularly determined the "climate" of the class, and noted that it strongly affected the learning results. However, since above-mentioned studies did not directly examined the relation between the teacher's behavior and the learning results, Takahashi (1989b Takahashi ( , 1991 Takahashi ( , 1996 have attempted to directly analyze such relations. The result of their research found that the quality and quantity of positive, corrective, and negative feedbacks and encouragement made by the teacher when involved in the motor learning scenes had a signifi cant relationship with the students' formative evaluation.
However, "climate" of PE class is considered to be produced largely by human relations and interactions among the participants in the learning group more than by the interactions made by the teacher. In addition, the "climate" of PE class is expected to be revealed as the students' direct affective behaviors. Namely, the bright, warm "climate" may be shown in such positive affective behaviors as laughter, applause and cheers. Meanwhile, a dark, cold "climate" is apparent through negative affective behaviors such as anger, frustration and tension. Illustrating this we re-examined the relation between the "climate" of PE classes and students' formative evaluation, using the VTR recording of above mentioned 60 PE classes at elementary school that had been previously used in the research on "momentum" of PE class mentioned earlier (Fukugasako et al., 2003) and the data on the students' formative evaluation. In this research, the "Interpersonal behavior/affective behavior observation method" developed by Hirano et al., (1997) was modifi ed and used in observing the "climate" of the PE classes. As a result, in both the gymnastic and ball-game classes, a relatively high signifi cant correlation value was obtained between the positive interpersonal and positive affective behaviors and students' formative evaluation (0.73 of the gymnastic classes and .62 of the ball-game classes between the formative evaluation total score and positive interpersonal behaviors, and .65 of the gymnastic classed and .53 of the ball-game classes in positive affective behaviors). Also in the ball-game classes, as negative interpersonal/ affective behaviors were frequently seen, it was found that those negative behaviors had signifi cant correlation with formative evaluation (-.56 between the formative evaluation total score and negative interpersonal behaviors, -.61 in negative affective behaviors). Considering these results, the "climate" of PE class was also judged as an imperative contribution for the realization of the effective physical education class as evaluated by students. This paper tries to clarify to what degree the factors concerning "momentum" and "climate" created by students' learning behaviors have effects on the students' formative evaluation as a whole, and which factor has the stronger infl uence on evaluation. If "momentum" and "climate" are strongly infl uential on the class evaluation, these can be given the status of fundamental postulations for realization of an effective physical education class. However, if there is not seen to be a notable infl uence on the class evaluation, it will be necessary to pursue other critical factors. In this regard, this kind of research could be highly effective in PE class formation and for exploring PE class teaching strategies.
Methods

Subjects
Sixty physical education classes at 16 elementary schools in the Kanto area were investigated between 1994 and 2001. The sixty classes consisted of 30 gymnastic classes and 30 ball-game classes. There were 42 teachers involved, and each was in charge 27 1 Students participating in the ball-game activities were included in the categories without omission, as "directly motor learning", "indirectly motor learning" or "off-task behavior" while playing in the game. While the play was interrupted at such times as the ball was out of play, they were counted as "assistance to others", "cognitive learning", "non-learning activity (waiting)" or "off-task behavior" without being counted as "directly or indirectly motor learning". Even when the learning unit was a team or a group, if the target of the activity was to improve individual's skills, for instance, the student who threw a ball and the student who caught the ball only are included in "directly motor learning", and others are counted as "non-learning activity". However, in the cases that the activities played by a group was competitive and they bore the elements of game, for instance, the students who threw and caught a ball are counted as "directly motor learning", and others "indirectly motor learning". of 1-2 classes. The student-subjects were in the fi fth and sixth grade. All the subject classes were PE classes focusing on the motor learning, the mid-point of the learning unit. The purpose of the research was explained to the school principals and the teachers in charge, and agreement to this research was obtained.
. . O b s e r v a t i o n o f " m o m e n t u m " a n d "climate" in PE classes
Observation of learning engagement in the motor learning scene
The observation categories of learning engagement are shown in 1 of Table 1 . Learning behaviors in the motor learning scenes were classifi ed into two categories: "learning engagement" and "non-engagement". "Learning engagement" was divided into four; "directly motor learning", "indirectly motor learning", "assistance to others" and "cognitive learning". "Non-engagement" was separated into "non-learning activity" and "off-task behavior". Employing the GTS method, all classes were recorded on videotape, which were then observed and transcribed in the laboratory.
Observation of interpersonal behavior /affective behavior in the motor learning scene
The "Interpersonal behavior/affective behavior observation method" developed by Hirano et al. (1997) was modifi ed and used for the observation categories as shown in Table 2 . Interpersonal behaviors were observed to show whether the behaviors were performed positively or negatively, a n d e n t e r e d i n t h e o b s e r v a t i o n c a t e g o r y o f "interpersonal behavior". Affective behaviors, whether shown positively or negatively, were recorded in the category of "affective behavior". These behaviors were recorded as a pair ("individual in case of affective behaviors), a small group or a large group. The GTS method was employed to the observation and they were recorded on videotape.
Reliability of data
In order to gain reliable data, trainings based on S-I method (Metzler, 1983) were repeated to ensure observer-reliability of the 2 observers reached more than 80%. Reliability of 90% or more were obtained in all the categories of all the observation methods.
Students' formative evaluation
The students' formative evaluation method standardized by Takahashi et al (1994, pp.235-237) was employed as a means of understanding the outcomes of the PE classes. This method consists of 9 items in 4 categories: "outcomes", "volition and interest", "way of learning" and "cooperation". All the students were given and completed the questionnaire immediately after the PE class. Response options consisted of "yes", "neutral" and "no". Three points are given to "yes", 2 points "neutral" and 1 point "no", and the points were compiled and statistically processed.
Selection of factors that effect on students' formative evaluation
The results of the analysis on the relation between "momentum" and "climate" of the PE classes and students' formative evaluation are shown in 28 Table 3 and 4. The strong positive factor that effects students' formative evaluation regarding "momentum" is "learning engagement", while factors affecting "climate" are "positive interpersonal behavior" and "positive affective behavior". Strong negative factor was "off-task behavior" in "momentum", and "negative interpersonal behavior" and "negative affective behavior" in "climate". Taking these outcomes into consideration for the purpose of further analysis, this paper has chosen "learning engagement" and "off-task behavior" as the representative factors characterizing "Momentum" of the PE classes, and selected "positive interpersonal behavior", "positive affective behavior", "negative interpersonal behavior" and "negative affective behavior" as the factors characterizing "climate" of the PE classes.
29 Table 3 . Correlation coeffi cients between formative evaluation and learning engagement in gymnastics class and ball-game class. 
Results and Discussion
In order to examine how "momentum" and "climate" of PE class affect the students' formative evaluation, the following factors are used as variables for the multiple regression analysis; the point score of the formative evaluation in each class was regarded as the criterion variables, and the following 2 factors were explanatory variables of "momentum", 1) learning engagement and 2) off-task behavior, while 3) positive interpersonal behaviors, 4) positive affective behaviors, 5) negative interpersonal behaviors and 6) negative affective behaviors were components of "climate". Table 5 shows the result of the multi regressive analysis on all the 60 classes. As shown in the Table, the multiple correlation is .88 and the coeffi cient of determination is .75. This indicates that 6 learning behavior factors in the motor learning scenes determine 75% of the evaluation, and judging from this, they have a signifi cant effect. As for the partial regression (β value), off-task behavior is the strongest (-.50), and negative interpersonal behavior (-.44) and positive interpersonal behavior (.34) have signifi cant effects.
Effect of "momentum" and "climate" on the basis of 60 classes
When focusing on each assessment dimension, in the dimensions of outcome, way of learning and cooperation, off-task behavior and positive/negative interpersonal behaviors show signifi cance similarly to the analysis results of total scores. However, in the dimension of volition and interest, only the off-task behaviors revealed distinctly high value, and the values of other factors are not signifi cant.
As mentioned above, negative behaviors as components of "momentum" and "climate" of PE classes tend to lower the class evaluation. Only positive interpersonal behavior shows signifi cant effects. Reasons for negative behaviors having a strong effect on students' evaluation may be that most of the students normally have high motivation to the motor learning and enthusiastically participate in the learning, they generally tend to provide high scores with the motor learning. However, if some students, feeling frustrated with the learning activities and the relationship with other members in the class, they give unusually low score with the evaluation, having a large infl uence on the mean score of the evaluation.
The factors of the learning engagement and affective behaviors are weak. One reason may be that the signifi cant correlation between 6 factors is recognized. Taking -.52 between learning engagement and off-task behavior, -.53 between off-task behavior and positive affective behaviors, and .70 between learning engagement and positive affective behaviors as examples, they are recognized as signifi cant values 2 . Meanwhile, as the correlations of learning engagement and affective behaviors with the students' formative evaluation are also relatively high, these factors as well as other factors should be given suffi cient attention when the teaching strategy to enhance "momentum" and "climate" of PE class is formulated. Table 6 and 7 show the frequencies of "momentum" and the percentages of "climate" that are seen in the gymnastic and the ball-game classes separately. As shown in the Tables, with regard to 5 factors except for "negative affective behavior", signifi cant difference between the gymnastic and the ball-game classes are recognized. Therefore, the multiple regression analysis has been applied to the gymnastic and the ball-game classes separately. The result of the analysis is shown in Table 8 . In gymnastics classes, the multiple 2 If strongly correlative several explanatory variables are entered into a regression equation at the same time, the multicollinearity occurs. In this case, although simple correlation of each variable with external criterion is positive, there are cases in which the standard error of the coeffi cients among them shows nearly zero or a negative value [Mori et al., (1990) In the ball-games classes, the multiple correlation is .94, and the coeffi cient of determination is .86. They are higher than for gymnastic classes. As for partial regression ( β value), the highest is negative interpersonal behavior at -.46, followed by off-task behavior -.41, positive interpersonal behavior .26 and negative affective behavior -.22. All of these results are signifi cant.
"Momentum" and "climate" of gymnastics and ball-game classes
Since the coeffi cient of determination is high in both classes, it has been confi rmed that "momentum" and "climate" have effects on students' evaluation. The factors revealing different tendencies between the gymnastic and the ball-game classes are negative interpersonal behavior and negative affective behavior. In the gymnastic class, from the perspective of its characteristics, negative interpersonal behaviors and negative affective behaviors are not seen so many times. In the ball-games classes, however, they are frequently observed. Therefore, they are considered to have strong negative effects on students' evaluation. Taking the above-mentioned results into consideration, this paper confi rms that the factors as components of "momentum" and "climate" of PE classes have greater effects on students' evaluation than previously assumed. Therefore, "momentum" and "climate" of PE class can be fundamental factors in realizing effective physical education class as assessed by students.
When it comes to relative strength of effects of "momentum" and "climate" on students' formative evaluation, both have big effects on this evaluation though there are slight differences effects depending on the kind of physical activities used for the PE class. Particularly, off-task behaviors as a component of "momentum" has a great effect in both the gymnastic and ball-game classes. Positive interpersonal behaviors (assist and cooperation) and negative interpersonal behaviors (complaints about fellow students and the judge) as a component of "climate" have effects on both the gymnastic and ball-game activities.
Additionally, this research is compiled with considerations of students' subjective, emotional evaluation, and it can be said that their evaluations are supported by concrete behavioral facts. The reliability is high. To consider effects from a different perspective, if learning behaviors in the motor learning scenes are monitored from the perspective of "momentum" and "climate", students' formative evaluation can be largely estimated.
Conclusion
1) The strength of effects of "momentum" and "climate" (Totaling 6 factors) on students' formative evaluation was examined in this paper. The results found that these 6 factors had 75% of effects on it in 60 PE classes, and 78% in the gymnastic classes and 86% in the ball-game classes. These fi gures are much higher when compared to similar behavioral studies. It may mean that the behavioral factors concerning "momentum" and "climate" have important effects on students' evaluation.
2) In the case of 60 the PE classes, off-task behaviors as a component of "momentum" and negative interpersonal behaviors as a component of "climate" had signifi cant negative effects on students' evaluation. Positive interpersonal behaviors had signifi cant positive effect only on the component of "climate".
3) When examining the gymnastic and the ball-game classes separately, off-task behaviors as a component of "momentum" and positive interpersonal behaviors as a component of "climate" commonly showed signifi cant effects. In addition, negative interpersonal behaviors and negative affective behaviors as components of "climate" had signifi cant negative effects in the ball-game classes. 4) Judging from the above, it is likely that in teaching strategies, creating positive interpersonal behavior and refraining from negative interpersonal behavior is critical for effective physical education class as assessed by students. Specifi cally, the following points should be concerned for developing effective teaching strategies; establishing learning disciplines, providing challenging materials to motivate students, incorporating the way of learning which induces positive interpersonal behaviors, and establishing rules and manners for preventing negative interpersonal behaviors. However, more detailed studies and discussion should be carried out to deepen awareness of this kind of classroom behavior.
